Innovative technologies for the smart E-Healthcare system
Editorial ⓒ The Korean Urological Association patients and found that those who participated in VR therapy showed a significant reduction in pain scores [3] . This suggests that VR may offer holistic inpatient care by effectively reducing anxiety and pain perception and helping patients relax before, during, or after procedures. Additionally, VR technology is now becoming more userfriendly, cost-effective, interactive, flexible, immersive, and portable. VR is now being considered an effective, safe, and feasible intervention for a variety of disease states, such as obesity, anxiety, eating disorders, post-traumatic stress disorder, cancer, Parkinson's, nicotine/alcohol addiction, cognitive/motor rehabilitation et al. However, the challenge remains on f iguring out how to incorporate VR into standard of care procedures in the everyday clinical setting.
One interesting use of VR could be in urology. Medical training using VR and/or AR (augmented reality, an interac tive experience of environments where objects in the realworld are "augmented" by computer-generated perceptual information) could improve education and surgical practice, thereby increasing the speed and accuracy of certain procedures. The traditional Halstedian method of "see one, do one, teach one" in medical training could be improved by applying VR/AR-based simulators before performing live surgery. Complicated anatomy can be visualized in a 3D hologram format, and AR navigation can then facilitate the recognition and localization of anatomic structures. Using a projector beam and a see-through device, such as a smart google, physicians can see the virtual model directly projected on the patient. Furthermore, individual medical records can be reviewed, and images can be portrayed on screens during camera-based AR procedures. VR stimulation training has also been shown to result in superior speed and significant reduction of procedure-related complications. VR/ AR stimulators can provide a variety of surgical scenarios that can be used during medical training to improve the overall skills required for operations, such as transurethral www.icurology.org resection of the prostate or prostatectomy. It can record the operative process of trainees in real-time, which can be used for evaluations. Considering how robotic surgical procedures continue to grow rapidly, a computer-derived virtual operative field with a tactile feedback system could be a new reliable standard method in robotic training programs.
A VR/AR simulator can not only be applied for surgeries, but also for personalized treatment of debilitating benign bladder dysfunctions, such as interstitial cystitis (IC)/ painful bladder syndrome. IC is characterized by a need for frequent urination, typically urgent (and often uncontrollable), involuntary episodes, and flares of acute pain without any bacterial or yeast infections [4] . Along with no known etiology, IC has been challenging to urologists because there are no effective pharmacological, surgical, or behavioral treatments available. Current recommendations include exercising specific pelvic floor muscles to reduce severe urinary symptoms. To train unconscious physiological processes, a VR/AR-based biofeedback designed to visualize these exercising muscles could be applied. If patients can see the pelvic floor muscles through a head-mounted display, tablet, or hologram, they can easily understand exactly which muscles they are working and focus their efforts with more specificity; thereby, improving the overall efficacy of the therapy.
Including our own group, many scientific investigators have been developing biomarkers specific to each urological disease using biospecimens from tissues, blood, or other body fluids [5] . It is widely accepted that molecular biomarkers are usef ul since they can be used f or prognoses and treatment response monitoring. Of note, accurate real-time monitoring can be immensely helpful for disease prevention, early diagnosis, and reduction of incidence rates. Biosensors are analytical devices designed to detect biological and physiochemical biomarkers and have been developed into smart health monitoring devices that can wirelessly sync with smartphones [6] . Data collection, storage, and analysis can be done in the connected cloud environment. The key components of potentially successful biosensors in the clinical setting include portability, rapidity, and costeffectiveness. In particular, for efficient application in communication between urologists and patients, more effort should be placed on developing newer generations of highly sensitive molecular diagnostic biosensors with compact and user-friendly platforms.
While blood tests are currently the gold standard for noninvasive, painless, and continuous monitoring of biomarkers, urine is a particularly attractive resource in the urology field. Urine biosensors may provide realtime levels of the patients' urinary metabolite biomarkers, electrolytes, temperature, and pH. There have been studies on developing rapid diagnoses of urinary tract infections (UTIs) in the clinical setting, which would allow for the early identification of UTI and timely antibiotic treatment. UTI is one of the most common infections in women, elders, and infants. Recently, investigators developed a small and disposable UTI biosensor embedded in a diaper. When activated upon exposure to urine, the self-powered sensor can determine the presence of chemical compounds associated with UTI [7] . The data can then be collected via a wireless smartphone app and used for further analysis by urologists and patients, allowing them to discuss the patterns of UTI. For other bladder diseases, such as IC, urinary biosensors may be able to facilitate real-time identification of flares (acute pain) and fluctuation of biomarkers, such as specific metabolites [5] ; thereby enabling personalized treatment regimens for patients. Wearable wireless urinary metabolic sensors enable remote tracking of disease biomarkers and bladder health 24/7. They can replace bladder diaries (voiding diaries) and help accelerate interventions regardless of location, time, or device.
Research related to smart health devices is already changing the paradigm of the healthcare industry. Smart healthcare is characterized by eHealth, which is supported by computer-based information and communication technology, and mHealth services, a medical practice supported by mobile devices. Our healthcare system is now rapidly evolving for better patient diagnoses and treatment by establishing the personal digital assistants for electronic record management and smart remote services through biosensor platforms that are wirelessly connected between urologists and patients.
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